The occurrence of acanthocephalans of the genus Neoechinorhynchus Stiles and Hassall, 1905 in Vietnamese waters is reported for the first time. Six new species are described from seven species of marine fish of the families Belonidae, Clupeidae, Megalopidae, Mugilidae, and Sciaenidae, collected in Halong Bay of the eastern seaboard of Vietnam in 2008 and 2009. These are Neoechinorhynchus (Neoechinorhynchus) plaquensis n. sp. characterized by dermal plaques covering the entire trunk; Neoechinorhynchus manubriensis n. sp. with very long anterior proboscis hooks having roots with prominent anterior manubria and very small and equal middle and posterior hooks, two pseudoretractors in the receptacle, simple vagina, and terminal gonopore; Neoechinorhynchus pennahia n. sp. with equal anterior and middle proboscis and somewhat smaller posterior hooks, and terminal female gonopore; Neoechinorhynchus ampullata with many giant nuclei in the body wall and lemnisci and a parareceptacle structure complex which includes pumping ampullas reported for the first time; Neoechinorhynchus (Neoechinorhynchus) longinucleatus n. sp. with very long giant nuclei in the Lemnisci, anteriorly twisted vagina, and subterminal female gonopore. Neoechinorhynchus (Neoechinorhynchus) ascus n. sp. is the second species of Neoechinorhynchus found with the parareceptacle structure/ampulla complex. Neoechinorhynchus (Neoechinorhynchus) johnii Yamaguti, 1929 of Bilqees, 1972 is not N. johnii because of proboscis armature and other discrepancies with the Yamaguti material. Notes on host distribution and feeding habits are also included. 
Résumé : PREMIER SIGNALEMENT DU GENRE NEOECHINORHYNCHUS (ACANTHOCEPHALA : NEOECHINORHYNCHIDAE) DANS LES EAUX VIETNAMIENNES ET DESCRIPTION DE SIX NOUVELLES ESPÈCES
and Amin et al. (2000 Amin et al. ( , 2004 Amin et al. ( , 2008 . Eleven species of acanthocephalans were collected from marine fish off the eastern seaboard of Vietnam in 2008 and 2009 . Of these, six species belong to Neoechinorhynchus Stiles and Hassall, 1905; all are new 
. No members of
Neoechinorhynchus were ever reported anywhere in that country (Arthur & Te, 2006) . The fact that the six reported species of Neoechinorhynchus are new only reflects the poor state of knowledge of the acanthocephalan fauna in Vietnam and adjacent countries with virtually no records of acanthocephalans.
MATERIALS AND METHODS
O f 45 species of marine fish netted at the Cat Ba Islands Tonkin Gulf, Halong Bay, North Vietnam (107°05'E, 20°45'N) during the spring of 2008 and 2009, 13 species were found infected with acanthocephalan parasites. Of these, seven fish species harbored acanthocephalans of the genus Neoechinorhynchus (Table I) . Original contribution Parasite, 2011, 18, 21-34 Upon collection fish were measured and photographed then brought to the laboratory for examination. Worms were placed in water for 2-5 hours or until fully extended then fixed in 70 % ethanol. Worms were punctured with a fine needle and subsequently stained in Mayer's acid carmine, destained in 4 % hydrochloric acid in 70 % ethanol, dehydrated in ascending concentrations of ethanol (24 hours each), and cleared in graduated (increasing) concentrations of terpineol in 100 % ethanol to 100 % terpineol, then 50 % terpineol in 50 % Canada balsam (24 hours each). Whole worms were mounted in Canada balsam. Measurements are in micrometers, unless otherwise stated. Range values are followed by the mean in parentheses. Length measurements are given before the width; the latter refers to maximum width. Trunk length does not include the neck, proboscis, or bursa. Eggs refer only to fully developed eggs usually removed from the body cavity. Specimens were deposited in the University of Nebraska's State Museum's Harold W. Manter Laboratory (HWML) collection in Lincoln, Nebraska. (Table 1) . This is the first report of any species of Neoechinorhynchus anywhere in Vietnam.
RESULTS AND DISCUSSION

NEOECHINORHYNCHUS (NEOECHINORHYNCHUS)
PLAQUENSIS N. SP. (Figs 1-7) Two worms (one male, one female) of three worms collected from two of 24 examined Chinese gizzard shad, Clupanodon thrissa (Linnaeus) (Clupeidae) in January 2008 were available for study. Both specimens were mature with sperm and eggs. The host, C. thrissa is a pelagic tropical marine fish commonly found in coastal waters, but tolerates brakish and freshwater, in the Northwest Pacific of China and Vietnam, and feeds on finfish and phytoplankton (Whitehead, 1985) .
• Description General: Neoechinorhynchidae. With characters of the genus Neoechinorhynchus and subgenus Neoechinorhynchus as described by Amin (2002) . Trunk cylindrical, widest anterior to middle, elongate, straight. Minimal sexual dimorphism except in body size. Body wall with five dorsal and two ventral giant hypodermal nuclei (Figs 1, 3 ) and many very small sparsely and randomly distributed, amorphous plaques throughout (Fig. 2) . Proboscis with apical organ having two elongate giant nuclei, almost rectangular, slightly longer than wide, with flat indentation at anterior corners (Fig. 6 ). Proboscis hooks decrease slightly in size posteriorly and of similar length in both sexes: 57, 48, 45 in females and 57, 50, 44 in males. Hooks in anterior two circles very close together and with similar prominent simple roots directed posteriorly. Posterior hooks begin near posterior tip of middle hooks and with knob-like basal disks, not true roots (Fig. 5) . Neck short. Proboscis receptacle slightly more than twice as long as proboscis with large drop-shaped cephalic ganglion at base and prominent dorsal cell pouch with very thin barely visible membrane at its posterior end adjacent to cephalic ganglion (Fig. 6, arrow) . Lemnisci subequal, cylindrical, of medium length, with one and two giant nuclei in shorter and longer lemniscus, respectively (Fig. 1) . Gonopore terminal in male and near terminal in female (Figs 1, 3 In N. roonwali, however, the lemnisci are 2.0-3.8 mm long with 3-6 nuclei each and the hypodermal nuclei in the body wall are 9-10 dorsally and two ventrally (Datta & Soota, 1961) . The marine Neoechinorhynchus ningalooensis Pichelin and Cribb, 2001 collected from parrotfish, Scarus spp. in Western Australia also bears some superficial similarities to N. plaquensis n. sp. However, N. ningalooensis has markedly larger trunk, proboscis, proboscis hooks, proboscis receptacle, and testes, and its male reproductive system is displaced much more posteriorly (Pichelin & Cribb, 2004) . NEOECHINORHYNCHUS MANUBRIENSIS N. SP. (Figs 8-14) Of the 10 worms collected from Caroun croaker, Johnius carouna (Cuvier) (Sciaenidae) (five worms) in December 2008, the white flower croaker, Nibea albiflora (Richardson) (Sciaenidae) (three worms) in July 2008, and the silver croaker, Pennahia argentata (Houttuyen) (Sciaenidae) (two worms), in July 2008, six specimens (four males and two females) of this new species were studied. All three species of croakers are benthopelagic fish found in coastal waters, with J. carouna occasionally entering estuaries and mangrove swamps, of the Indo-Pacific (J. carouna) and or the Northwest Pacific (N. albiflora and P. argentata). They all feed on Zoobenthos, crustaceans, prawns, other invertebrates and finfish (Sasaki, 2001; Trewavas, 1977 (2002) . Trunk elongate cylindrical and slender throughout but posterior end of female abruptly attenuates (Figs 10, 13) . Giant hypodermal nuclei not readily observed. No sexual dimorphism in proboscis armature. Proboscis slightly longer than wide with flat anterior and anteriolateral sides and small elongate apical organ with two elongate giant nuclei (Fig. 11) . Anterior proboscis hooks 98-112 long with posteriorly directed roots having prominent anterio-lateral manubria. Middle and posterior hooks small, rootless, equal in size, 25-27 long (Fig. 12 ). Neck prominent, as long as proboscis but wider at base. Proboscis receptacle about three times as long as proboscis, with a prominent basal triangular cephalic ganglion and two lobulated undulating pseudo-retractors connected with posterior filaments (Fig. 11) . Lemnisci nearly equal, elongate, with one and two large giant nuclei in shorter and longer lemniscus, respectively ( , 156-228 (192) long by 104-156 (130) (125) wide. Lemnisci 988-1,300 (1,116) long by 62 wide. Reproductive system 130 long in juvenile and 500 long in adult, 3.4 % and 5.7 % of trunk length, respectively. Gonopore terminal in both juvenile ( Fig. 14) and adult ( Fig. 10 ) but vagina is more developed in adult specimen. Uterine bell attached to body wall, with large cells and one large giant nucleus and slanted anterior end in both specimens. Posterior end with terminal gonopore and attenuates more drastically in adult (Figs 10, 13) than in juvenile specimen (Fig. 14) . Eggs not developed.
• Taxonomic • Remarks
The new species belongs in a group of five long slender acanthocephalans of Asian marine fish having similar proboscis armature characterized by very long anterior hooks and very small middle and posterior hooks (Table II) . The proboscis hooks of N. manubriensis are most similar to those of N. johnii sensu Yamaguti (1939) in size. The new species is distinguished from the latter (described by Yamaguti, 1939 only from females but by Gupta and Jain, 1983 from both sexes) by having the anterior hook with prominent manubrium, a triangular cephalic ganglion, two pseudo-retractors in the receptacle, equal lemnisci, simple vagina, and terminal gonopore. Neoechinorhynchus johnii of Bilqees (1972) is clearly another species; it differs from N. johnii of Yamaguti (1939) in having proboscis hooks that gradually decrease in size posteriorly. The anterior testis of the males described by Bilqees (1972) is oval in contrast with the posterior tubular testis.
Our new species also differs from Neoechinorhynchus tylosuri Yamaguti, 1939 in practically all characters listed in table II except for the type of cement gland and vagina (Yamaguti, 1939) . It is similar to Neoechinorhynchus topseyi Podder, 1937 in the size proboscis hooks and type of vagina but differs in all other characters listed in Table II (Podder, 1937 Argyrosomus japonicus (Temminck and Schlegel) off the South African coast also bear similarities to the new species. In N. africanus, however, the proboscis hooks decrease in size posteriorly from 90 to 50 to 30 long, the neck is long, 60, and is distinctly separated from the trunk and the eggs have a spiny belt (Troncy, 1969) . In N. dorsovaginatus, the trunk is shorter and very thick-walled with anterodorsal hump, the proboscis is very large, anterior hooks are smaller, 70-83, and the neck is much longer and houses the receptacle, the cement gland with 30 nuclei, and the female gonopore and vaginal sphincter are dorso-subterminal (Amin & Christison, 2005) . Neither of these two species has anterior hook roots or receptacle retractors similar to those of N. manubriensis.
NEOECHINORHYNCHUS PENNAHIA N. SP. (Figs 15-18)
Only one female was collected from the only infected individual of Pennahia argentata (Houttuyen) (Sciaenidae) in July, 2008. That same infected host also harbored one specimen of N. manubriensis. The silver croaker, P. argentata, is a benthopelagic temperate fish that inhabits the coastal waters of the Norwest Pacific and feeds on zooplankton, various invertebrates and small fin fishes (Trewavas, 1977) .
• Description General: Neoechinorhynchidae. With character of the genus Neoechinorhynchus as described by Amin (2002) . Female trunk small straight cylindrical and somewhat wider in anterior half, with six ventral and three dorsal giant hypodermal nuclei (Fig. 15) . Proboscis ovoid with long apical organ having two elongate giant nuclei anteriorly and two posterior cells (Fig. 16 ). Anterior and middle hooks equal and relatively longer than posterior hooks. All hooks with simple posteriorly directed roots; roots of posterior hooks abbreviated (Fig. 17) . Neck prominent, longer than proboscis, with parallel sides, slightly wider only at base. Proboscis receptacle about four times as long as proboscis with elongate triangular cephalic ganglion 87 long by 25 wide at base. Lemnisci finger-like, slender, subequal, considerably longer than receptacle (Fig. 16) Van Cleave, 1919 . The anterior hooks of these two species are, however, shorter than 40 µm or longer than 90 µm, among other differences, respectively (Dechtiar, 1967; Van Cleave, 1919) .
NEOECHINORHYNCHUS AMPULLATA N. SP. (Figs 19-23) Four worms (two males, two females) were collected from four individual Indo-Pacific tarpons, Megalops cyprinoids (Broussonet) (Megalopidae) in January, 2008. The host is a tropical Indo-Pacific benthopelagic amphidromous (brakish, freshwater, marine) fish that was captured in marine waters of the Cat Ba islands of Halong Bay. It is common from the Red Sea and Natal, South Africa to the South China Sea, Taiwan Strait and East China Sea and feeds primarily on zoobenthos and nekton (Coates, 1987) . One of the two female worms collected was too contorted out of shape to be of any use. The two males specimens had sperm and the remaining female specimen (allotype) had only ovarian balls and no eggs.
• Description General: Neoechinorhynchidae. With characters of the genus Neoechinorhynchus as described by Amin (2002) . Trunk relatively small, fusiform, especially in males but may be wider more anteriorly in some females (Figs 19, 20) with marked sexual dimorphism. Body wall with eight dorsal, four ventral, and additional lateral (nine on latero-anterior side on one male) giant nuclei (Fig. 19) . Proboscis as long as wide in males but wider than long in female, with long apical organ having two elongate anterior nuclei. Proboscis hooks in middle and posterior circles equal in size and about half as long as anterior hooks but considerably more slender. Only anterior hooks with sizable simple spoon-like roots directed posteriorly; middle and posterior hooks rootless (Fig. 23) . Neck short. Proboscis receptacle with one ventral and one dorsal parareceptacle structures attached anteriorly to body wall and insert posteriorly into receptacle (Fig. 22 , solid arrows) and associated posteriorly with blind bladder-like ampullas (Fig. 22, granular (Fig. 21 ).
• Taxonomic summary • Remarks
Neoechinorhynchus ampullata is the first species of the genus that is reported to posess bladder-like ampullas that insert through the wall of the proboscis receptacle near its posterior end. The few ampullas in each specimen were translucent and appear to contain clear liquid. These ampullas may be accessory structures (pumps) associated with the paired dorsal and ventral parareceptacle structures (PRS) that, also insert into the receptacle wall nearby. The PRS has been suggested to regulate the hydrostatic pressure in the receptacle to facilitate the retraction and eversion of Amin et al., 2007) . The new species is further distinguished from related species of Neoechinorhynchus as follows. It is most closely similar to Neoechinorhynchus (Hebesoma) manasbalensis Kaw, 1951 known from freshwater fish in Kashmir in body shape, similar number of giant nuclei and similar reproductive structures in both sexes. In N. manasbalensis, however, the lemnisci are nearly equal and much shorter and the proboscis hooks are considerably longer 46-60, 30-38, 28-34 long from anterior (Kaw, 1951) . The shape of the trunk, reproductive structure, lemnisci, and position of female gonopore are also similar to those of Neoechinorhynchus (Neoechinorhynchus) paraguayensis Machado, 1959 from freshwater fishes in Brazil and Paraguay, and Neoechinorhynchus pterodoridis Thatcher, 1981 from freshwater fishes in Brazil. Both species, however, have few giant nuclei (five and one in body wall) and much longer anterior hooks: 82-100 and 100-130 long in males and females of N. paraguayensis, and 142-145 long and 130-148 long in males and females of N. pterodoridis (Machado, 1959; Thatcher, 1981) . Only two additional species of Neoechinorhynchus similary have many giant nuclei, Neoechinorhynchus (Neoechinorhynchus) chilkaensis Podder, 1937 from Barbus in brakish waters of Ropar, India, and Neoechinorhynchus devdevi Datta, 1936 in freshwater fish of Kashmir Valley. Both species, however have cylindrical trunks and much longer anterior hooks: 65-70 and 68-78 long in male and female N. chilkaensis (Podder, 1937) and 90 long in both males and females of N. devdevi (Datta, 1936) . spottail needlefish, Strongylura strongylura (Van Hasselt) (Belonidae) ( Table I) . Males included four sexually mature specimens with sperm and one juvenile. Females included two gravid specimens with eggs, four specimens with ovarian balls only, and one juvenile. The spottail needlefish is a pelagic-neritic marine and brakish water fish found in the Indo-West Pacific including the Persian Gulf eastward along the coast of Pakistan, India, and Sri Lanka then extending to southern China, the Philippines, and northern Australia (Collette, 1984) .
NEOECHINORHYNCHUS (NEOECHINORHYNCHUS)
• Description General: Neoechinorhynchidae. With characters of the genus Neoechinorhynchus and the subgenus Neoechinorhynchus as described by Amin (2002) . Trunk long, slender, cylindrical, with parallel sides throughout (Figs 24, 26) giant hypodermal nuclei occasionally visible as cresent-shaped structures of moderate or more often small size. Anterior tip of trunk with 4-7 loosely arranged amoeboid or amorphous cuticular plaques (arrow) and prominent collar (Fig. 29) . No sexual dimorphism in all shared structures. Proboscis as long as wide with posteriorly blunt apical organ containing two elongate giant nuclei (Fig. 29) Middle and posterior hooks equal, rootless, much shorter than anterior hooks. Roots of anterior hooks simple, posteriorly directed, crescent-shaped, about half as long as hooks (Fig. 30) . Proboscis receptacle about four times as long as proboscis, with large triangular cephalic ganglion at base of two distinct types of nuclei (Fig.  29) . Lemnisci long, slender, distinctly unequal, with very long and thin giant nuclei, 2 and 1 in longer and shorter lemniscus, respectively (Figs 24, 26, 28 • Remarks The new species is a member of the six species group including long and slender worms known from marine fish in Asia. Of the five other species (Table II) , N. longinucleatus is closest to N. tylosuri in size of proboscis armature and shape of male and female reproductive systems. In N. tylosuri, however, the female gonopore is subterminal, the lemnisci and anterior testis are widely separated, the eggs are more elongate, 30-33 × 15-18, the cephalic ganglion is oval, the proboscis is larger, and the giant nuclei of the cement gland are elongate (Yamaguti, 1939) . All other members of this group of worms (Table II) have considerably longer anterior hooks; N. manubriensis and "N. johnii" of Bilqees (1972) have equal lemnisci, N. johnii has complex vagina with folds and subterminal female gonopore (Yamaguti, 1939) , and N. topseyi has oval testes, rounded cement gland, and subterminal female gonopore (Podder, 1937) (Table II) . 97-160 (135) wide. Reproductive system 687-1227 (869) long (6 % of trunk length in longest worms, and 11 % of trunk length in smaller worms: mean 8 %) (Fig. 38 ). Eggs fusiform with concentric shells (Fig. 36) . Gonopore subterminal.
Neoechinorhynchus ascus is the second species of the genus Neoechinorhynchus with a sac-like ampullas inserting into the receptacle wall at its posterior end. These bladder-like sacs appear like pumps associated with the parareceptacle structure that also inserts into the receptacle wall nearby, and that has been suggested to regulate the hydrostatic pressure in the receptacle to facilitate the retraction and the eversion of the proboscis in some eoacanthocephalans with weak single-walled proboscis receptacle (Amin et al., 2007) . This complex of ampulla and parareceptacle structure has been reported only in one other species of Eoacanthocephala, N. ampullata described earlier in this paper. The parareceptacle structure alone, without the ampulla, has been previously reported in three other species of eoacanthocephalans, N. (N.) qatarensis, N. (N.) golvani, and Acanthogyrus (A.) parareceptaclis (see Amin et al., 2007) . The new species is readily distinguishable from N. ampullata, which has a fusiform trunk, many giant nuclei in the hypodermis (eight dorsal, four ventral) and the lemnisci (4,3), and considerably smaller proboscis hooks (32-44, 17-20, 17-20 (50-60, 23-32, 19 in males and 60-75, 26-38, 24-27 in females from anterior), anterior hook root without manubria, and cement gland with 6 giant nuclei. In N. karachiensis, the proboscis hooks are smaller (50-60, 39-40, 10-11 in males and 60-70, 40-50, 9-11 in females from anterior), the anterior and middle hooks root have no manubria, and the eggs are smaller 10-20 X 5-10. None of these two species has parareceptacle structure/ampulla complex. Amin et al. (2000 Amin et al. ( , 2004 Amin et al. ( , 2008a and Arthur and Te (2006) from freshwater fish and other vertebrates were all negative for acanthocephalans of this genus. No marine fish parasites were examined. In this very first exploration of marine fish parasites of the Vietnamese coast, a unique collection of six new species of acanthocephalans of the genus Neoechinorhynchus was discovered while none was found in freshwater fish in Vietnam even in the Red River which empties in the same Gulf of Tonkin. In North America, by comparison, practically all species of Neoechinorhynchus are known from freshwater fish and some from turtles (Amin, 2002) . This reverse disparity of the distribution of marine vs. freshwater forms is unexplainable at the present time. We do not know if any one or more of these six new species are indigenous and of restricted distribution in the Gulf of Tonkin or if they are more readily dispersed in their host that often have wider distributional ranges.
The presence of Neoechinorhynchus species with unusual features is noted with great interest. In N. plaquensis, dermal plaques covering the whole trunk are observed for the first time. The only two species with parareceptacle structure/ampulla complex, N. ampullata and N. ascus were found in two of the six species studied from this locality while none was reported in the 88 species studied by Amin (2002) from all over the world and the few more species described since. The recovery of two new species, N. manubriensis and N. longinucleatus, belonging to a larger group of Neoechinorhynchus spp. from Asian marine fish characterized by long slender bodies and large anterior proboscis hooks (Table II) is also noted with interest.
The diversity of these species of Neoechinorhynchus was noted only from Halong Bay. The Bay is bordered on the south and southeast by the gulf of Tonkin, on the north by China and on the West and southwest by Cat Ba Island. The Bay area has a unique geological history beginning about 500 million years ago before the sea became shallow. The surrounding sea is now only 6-10 m deep except along old river channels, the result of marine transgression caused by the sinking of the underlying limestone plateau. In all, there are 1,929 islands and islets. According to the IEBR study, there are six aquatic sub-ecosystems containing rich reserves of plankton, mulloscs, sand worms, echinorderms, fish (400 species), bluegreen algae, seaweeds, coral, snails, crabs, sponge, and crustaceans (nine species) (anonymous, 2003; Knccn & Hnu, 1997; Tran et al., 2004; Waltham, 1998) .
